Introduction
============

Prostate cancer (PCa) is the most prevalent type of cancer among men in the United States ([@b1-ol-0-0-7877]) and currently accounts for \~30% of all diagnosed cancers ([@b2-ol-0-0-7877]). PCa is the second most common cause of cancer-associated mortality in men in the United States ([@b2-ol-0-0-7877]). A recent study estimated that 180,890 men in the United States were diagnosed with PCa and 26,120 patients in the United States succumbed to PCa in 2016 ([@b2-ol-0-0-7877]). In China, the incidence of PCa is also increasing ([@b3-ol-0-0-7877],[@b4-ol-0-0-7877]). No standard methods for PCa prevention, early diagnosis, treatment or prognosis are currently available ([@b5-ol-0-0-7877]). Therefore, the majority of patients with PCa are diagnosed at the late stage, leading to high mortality rates ([@b3-ol-0-0-7877]). Identifying novel diagnostic and prognostic markers that benefit the early diagnosis and treatment of PCa are required to improve the treatment of the disease.

MicroRNAs (miRNAs/miRs) are endogenous, small non-coding RNAs that are \~22 nucleotides in length ([@b6-ol-0-0-7877]) and were initially discovered as a small temporal RNA in *Caenorhabditis elegans* in 1993 ([@b7-ol-0-0-7877]). The functions of miRNA have been revealed to serve a notable role in various biological processes, including cell differentiation ([@b8-ol-0-0-7877]), proliferation ([@b8-ol-0-0-7877],[@b9-ol-0-0-7877]), apoptosis ([@b10-ol-0-0-7877]) and development ([@b11-ol-0-0-7877]). To date, \>2,500 potential human miRNAs are identified and recorded in the miRBase, and \>30% of all genes are estimated to be regulated by miRNAs ([@b12-ol-0-0-7877]). In recent years, mounting evidence has demonstrated that miR-211 can impact cell proliferation and migration in numerous human cancers ([@b13-ol-0-0-7877]--[@b18-ol-0-0-7877]). However, the role of miR-211 in tumor progression remains uncertain. In non-small lung cancer, Ye *et al* ([@b18-ol-0-0-7877]) revealed the miR-211 can directly downregulate the expression of SRC kinase signaling inhibitor 1 (SRCIN1), and promote non-small cell lung cancer proliferation. As a comparison, miR-211 expression was downregulated in hepatocellular carcinoma ([@b15-ol-0-0-7877],[@b16-ol-0-0-7877]), gastric cancer ([@b14-ol-0-0-7877]) and epithelial ovarian cancer ([@b17-ol-0-0-7877]), and was regarded as a tumor suppressor by targeting the expression of its downstream targets. However, the expression and role of miR-211 in PCa remains unclear.

Secreted protein acidic and rich in cysteine (SPARC), also known as osteonectin, is a matricellular glycoprotein that serves instrumental roles during cell proliferation, migration and cell differentiation ([@b19-ol-0-0-7877],[@b20-ol-0-0-7877]). SPARC was identified to be upregulated in various tumors, including PCa ([@b21-ol-0-0-7877]--[@b23-ol-0-0-7877]); high SPARC expression was also revealed to be associated with aggressive stages of melanoma ([@b24-ol-0-0-7877]). Additionally, the expression of SPARC could be regulated by miR-211 in hepatocellular carcinoma ([@b16-ol-0-0-7877]). Meanwhile, a recent study demonstrated that SPARC could mediate metastatic dormancy of PCa in the bone ([@b25-ol-0-0-7877]), which highlighted the significant role of SPARC in PCa. However, whether or not miR-211 could regulate the expression of SPARC in PCa remains unreported. The present study aimed to determine the expression and function of miR-211 in PCa and investigate the molecular mechanism of miR-211 in the progression of PCa.

Materials and methods
=====================

### Participants

The study was approved by the Ethics Committee of the First Affiliated Hospital of Jiamusi University (Jiamusi, China), and was performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all patients. Matched PCa and normal prostate tissues 36 pairs, 44--71 years old (mean age, 62) were obtained from patients who underwent radical prostatectomy between October 2010 and February 2012 at the First Affiliated Hospital of Jiamusi University (Jiamusi, China). None of the patients had received radiotherapy or chemotherapy before surgical resection. PCa stage was classified according to the seventh American Joint Committee on Cancer (AJCC) classification system ([@b26-ol-0-0-7877]). All samples were snap-frozen in liquid nitrogen immediately and stored at −80°C following surgery until further use.

### Cell lines and cell culture

Two human PCa cell lines, DU145 and PC-3, were purchased from the American Type Culture Collection (Manassas, VA, USA) and cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.), 100 µg/ml penicillin and 100 µg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Normal human prostate epithelial cells (NHPE) were purchased from Lonza, Inc. (Allendale, NJ, USA) and cultured in prostate epithelial cell growth medium containing growth medium and supplements (cat no. CC-3166; Lonza, Inc.). All the cell lines were incubated in a humidified atmosphere of 5% CO~2~ at 37°C.

### Cell transfection

The miR-211 mimic (5′-UUCCCUUUGUCAUCCUUCGCCU-3′), inhibitor (5′-AGGCGAAGGAUGACAAAGGGAA-3′) and miRNA negative control (5′-CAGUACUUUUGUGUAGUACAA-3′) molecules were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The small interfering RNA (siRNA) against SPARC (5′-GCAGAGGUGACUGAGGUAUCU-3′) (2.5 nmol) and negative control (5′-AGUCGAGAUCGGUGUUAGCAG-3′) (2.5 nmol) were designed and synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China). These nucleotides (miRNAs or siRNAs) were transfected into the cell lines (2×10^5^ cells/well, DU145 and PC-3) using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) until a final concentration of 50 nM and according to the manufacturer\'s protocol. At 48 h after transfection, cells were collected for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and western blot analyses.

### Total RNA isolation and RT-qPCR

Total RNA was extracted from cultured cells and from surgically resected fresh PCa tissues using TRIzol reagent (Beyotime Institute of Biotechnology, Haimen, China) according to the manufacturer\'s protocol. The RNA concentration was quantified using NanoDrop 2000 (Thermo Fisher Scientific, Inc.). To quantify the level of miR-211 expression, total RNA was polyadenylated and reverse transcribed using the TaqMan MicroRNA Reverse Transcription kit and TaqMan miRNA Assay kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. To quantify the level of SPARC expression, the SYBR Premix Ex TaqTM kit (Takara Biotechnology Co., Ltd., Dalian, China) was used. PCR conditions included an initial holding period at 95°C for 10 min for 1 cycle, then 95°C for 15 sec and 60°C for 30 sec for 40 cycles. Primers used in the present study were as follows: SPARC forward, 5′-AGCACCCCATTGACGGGTA-3′ and reverse, 5′-GGTCACAGGTCTCGAAAAAGC-3′; GAPDH forward, 5′-AAGGGAAGGTTGCTGGATAGG-3′ and reverse, 5′-CACATCCACCTCCTCCACATC-3′. Each sample was repeated in triplicate. The relative expression of genes was calculated using the 2^−ΔΔCq^ method ([@b27-ol-0-0-7877]).

### Western blot analysis

Total proteins were extracted from surgically resected fresh PCa tissues using Radioimmunoprecipitation Assay lysis buffer (Beyotime Institute of Biotechnology). The protein concentration was quantified using a BCA protein concentration determination kit (Beyotime Institute of Biotechnology). An equal amount of protein samples (50 µg) was separated using 10% SDS-PAGE. The separated protein was then transferred onto a polyvinylidene fluoride membrane (Beyotime Institute of Biotechnology), blocked in 5% fat-free milk at room temperature for 1 h and incubated with primary antibodies anti-SPARC (1:1,000; cat. no. ab207743; Abcam, Cambridge, MA, USA) and anti-GAPDH (1:1,000; cat. no. ab37168; Abcam) at 4°C overnight followed by incubation with a horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (1:10,000; ab97080, Abcam) at room temperature for 1 h. GAPDH was selected as an internal control. Results were detected using the BeyoECL Plus kit (Beyotime Institute of Biotechnology). The densitometry was analyzed using ImageJ 1.48 software (National Institutes of Health, Bethesda, MD, USA). Each experiment was repeated independently three times.

### Cell proliferation assay

The cell proliferation rate assay was conducted using Cell Counting kit-8 (CCK-8; Beyotime Institute of Biotechnology) according to the manufacturer\'s protocol. In brief, the cell lines were seeded into a 96-well plate at a density of 2×10^3^ cells/well and cultured in 100 µl of the aforementioned medium. In total, 10 µl CCK-8 reagent was added to each well at the indicated time points (0, 24, 48 and 72 h) after seeding and further incubated at the aforementioned conditions (37°C) for 2 h. The absorbance was measured at 450 nm using a microplate reader (Lifecare Medical Equipments Co., Ltd., Ningbo, Zhejiang, China). Cell medium without cells was treated with 10 µl CCK-8 reagent at 0, 24, 48 and 72 h and cultured for 2 h at 37°C then used as control to eliminate the background. Each experiment was performed in triplicate.

### Bioinformatic analysis

The online algorithm TargetScan (<http://www.targetscan.org/>) ([@b28-ol-0-0-7877]) was used to predict the targets of miR-211. SPARC, whose expression was upregulated in PCa, was selected to further investigate whether it is regulated by miR-211.

### Statistical analysis

The data are expressed as the mean ± standard deviation of triplicate experiments. Data analysis was performed using the SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Statistical analysis of differences between two groups was performed using Student\'s t-test; multiple comparisons were performed using one way analysis of variance with post hoc Tukey\'s test. Pearson\'s χ^2^ test was used for analyzing the association between the expression level of miR-211 and the clinicopathological features of patients. P\<0.05 was considered to indicate a statistically significant difference in all tests.

Results
=======

### miR-211 is downregulated in PCa tissues and cell lines

A decrease in miR-211 expression was identified in 29 of 36 PCa tissues compared with the matched non-tumor tissues ([Fig. 1A](#f1-ol-0-0-7877){ref-type="fig"}). As revealed in [Fig. 1B](#f1-ol-0-0-7877){ref-type="fig"}, the expression of miR-211 in PCa tissues was significantly lower than that in the matched normal prostate tissues (P\<0.001). The expression of miR-211 was also assessed in two PCa cell lines. As depicted in [Fig. 1C](#f1-ol-0-0-7877){ref-type="fig"}, the expression of miR-211 in the PCa DU145 and PC-3 cell lines was also evidently lower than in the NHPE cells (P\<0.01).

### miR-211 downregulation is associated with clinicopathological features in patients with PCa

To assess whether miR-211 has any prognostic significance, the association between miR-211 expression and clinicopathological features of patients with PCa was analyzed. As demonstrated in [Table I](#tI-ol-0-0-7877){ref-type="table"}, no statistical difference was revealed between miR-211 expression and age, nodal status and prostate specific antigen (PSA) levels (all P\>0.05). However, the expression of miR-211 was revealed to be closely associated with the tumor stage (P=0.035) and higher Gleason scores ([@b29-ol-0-0-7877]) (P=0.013).

### Upregulation of miR-211 inhibits cell proliferation in vitro

To examine the functional significance of miR-211 in PCa, the rate of cell proliferation in PCa cell lines and NHPE cells was measured and compared. As depicted in [Fig. 2A](#f2-ol-0-0-7877){ref-type="fig"}, the cell proliferation rate was evidently higher in the PCa cell lines than in NHPE cell line (P\<0.05). The miR-211 mimic, inhibitor and corresponding negative control were selected to regulate the expression level of miR-211 in the PCa cell lines. As depicted in [Fig. 2B and C](#f2-ol-0-0-7877){ref-type="fig"}, the expression level of miR-211 in the PCa cell lines transfected with miR-211 mimic was significantly higher than those transfected with the negative control miRNA (P\<0.001). Conversely, the miR-211 expression level in the PCa cell lines transfected with the miR-211 inhibitor was significantly lower than those transfected with the negative control miRNA (P\<0.001). The cell proliferation rate in these miRNA-transfected cell lines was also examined. As revealed in [Fig. 2D and E](#f2-ol-0-0-7877){ref-type="fig"}, the cell proliferation rate in the PCa cell lines transfected with miRNAs was as follows: PCa cell lines transfected with miR-211 inhibitor, PCa cell lines transfected with negative control miRNA and PCa cell lines transfected with miR-211 mimic.

### Expression of SPARC is inversely associated with miR-211

It was revealed that the 3′-untranslated region (3′-UTR) of SPARC contained a conserved putative target site for miR-211 using bioinformatics analysis ([Fig. 3A](#f3-ol-0-0-7877){ref-type="fig"}). Therefore, the expression level of SPARC in PCa tumor tissues and matched normal prostate tissue was examined. As revealed in [Fig. 3B and C](#f3-ol-0-0-7877){ref-type="fig"}, RT-qPCR and western blot analyses demonstrated that the expression of SPARC in PCa tumor tissues was significantly higher than in matched normal prostate tissue (P\<0.01). The expression level of SPARC in the miR-211 mimic, miR-211 inhibitor and negative control miRNA transfected PCa cell lines was also examined. The SPARC mRNA expression level in the miR-211-mimic-transfected PCa cell lines was significantly lower than in the miR-211-inhibitor-transfected PCa cell lines ([Fig. 3D and E](#f3-ol-0-0-7877){ref-type="fig"}; P\<0.01).

### Effect of SPARC on cell proliferation

To determine the role of SPARC on cell proliferation, knockdown of SPARC expression was performed using a specific siRNA in PCa cell lines (DU145 and PC-3). The expression of SPARC transfected with SPARC-siRNA was significantly decreased compared with the negative control ([Fig. 4A](#f4-ol-0-0-7877){ref-type="fig"}; P\<0.001). As expected, knockdown of SPARC inhibited the cell proliferation in PCa cell lines compared with the cells transfected with the negative control ([Fig. 4B and C](#f4-ol-0-0-7877){ref-type="fig"}; P\<0.05).

Discussion
==========

The established pre-treatment prognostic parameters for patients with PCa currently include Gleason grade, PSA and clinical stage ([@b30-ol-0-0-7877]--[@b32-ol-0-0-7877]). Although these parameters are statistically powerful, they are not always sufficient for individual treatment decision optimization ([@b29-ol-0-0-7877]). It can be hoped that further understanding of PCa biology will lead to improvements in clinical molecular tests that enable the reliable prediction of PCa aggressiveness.

The role of miRNA dysregulation in cancer has been demonstrated by numerous studies ([@b33-ol-0-0-7877],[@b34-ol-0-0-7877]). Previous studies have revealed that miR-211 is aberrantly expressed in number of tumor types and serves an important role in tumor progression ([@b13-ol-0-0-7877]--[@b18-ol-0-0-7877]). In the present study, the results of RT-qPCR analysis indicated that the expression of miR-211 was reduced in PCa tissues compared with the matched normal prostate tissues. These results indicated that the dysregulation of miR-211 may be involved in the tumorigenesis of PCa. Furthermore, the association between miR-211 expression and the clinicopathological features was analyzed. It was revealed that the miR-211 expression was significantly associated with tumor stage (P=0.035) and higher Gleason scores (P=0.013), indicating that miR-211 expression was associated with the PCa malignancy. It was also revealed that miR-211 expression was reduced in PCa cell lines compared with NHPE cells. Overexpression of miR-211 in PCa cell lines induced by miR-211 mimics significantly inhibited the proliferation of PCa cells; conversely, downregulation of miR-211 using a miR-211 inhibitor promoted the proliferation of PCa cell lines. These results indicated that miR-211 may be a tumor suppressor in the development and progression of PCa.

Previous studies have identified the target genes of miR-211 in a variety of human types of cancer ([@b13-ol-0-0-7877]--[@b18-ol-0-0-7877]). To investigate the molecular mechanism whereby miR-211 inhibits the proliferation rate of selected cell lines further, bioinformatics analysis was used to predict the potential downstream target in the PCa cell lines. It was revealed that the 3′-UTR of SPARC mRNA contained a complementary sequence for miR-211. The expression of SPARC was increased in PCa tissues compared with matched normal prostate tissues. In the PCa cell lines, it was revealed that the enforced expression of miR-211 could reduce the expression of SPARC. However, the downregulation of miR-211 could increase the expression of SPARC. Therefore, it was assumed that SPARC was a direct target of miR-211 in PCa cell lines.

A previous study has demonstrated that SPARC serves an important role in the development of human hepatocellular carcinoma ([@b16-ol-0-0-7877]). To investigate the role of SPARC in PCa progression, the expression of SPARC in PCa cell lines was knocked down by siRNA. It was revealed that the proliferation of the PCa cell lines was altered through the downregulation of the expression of SPARC. These results indicated that the knockdown of SPARC elicited similar effects to miR-211 overexpression, and that SPARC is a functionally important target of miR-211.

In conclusion, miR-211 was identified to be frequently downregulated in PCa, which was associated with PCa progression. Additionally, miR-211 overexpression inhibited cell proliferation *in vitro* via direct targeting of SPARC. Downregulation of SPARC in a miR-211-mediated manner could shed further light on the molecular mechanisms behind malignancy.

![miR-211 expression is downregulated in PCa cell lines and tissues. (A) reverse transcription-quantitative polymerase chain reaction analysis of miR-211 expression in 36 pairs of PCa tissues and their matched normal prostate tissues. The expression of miR-211 was normalized to U6 small nuclear RNA. (B) The expression of miR-211 in PCa tissues was significantly lower than in adjacent tissues. (C) Expression levels of miR-211 in the DU145 and PC-3 PCa cell lines compared with NHPE cells. \*\*P\<0.01 and \*\*\*P\<0.001. miR-211, microRNA-211; PCa, prostate cancer; NHPE, normal human prostate epithelium.](ol-15-04-4323-g00){#f1-ol-0-0-7877}

![Upregulation of miR-211 inhibits cell proliferation. (A) CCK-8 assay revealed that the PCa cell lines DU145 and PC-3 had a significantly higher cell proliferation rate than NHPE cells. (B) Transfection with miR-211 mimics enhanced the expression of miR-211, whereas the miR-211 inhibitor repressed the expression of miR-211 in DU145 cells. (C) Transfection with miR-211 mimics enhanced the expression of miR-211 and miR-211 inhibitor can repress the expression of miR-211 in the PC-3 cells. (D) CCK-8 proliferation assay revealed that the overexpression of miR-211 significantly inhibited the growth rate of cells compared with that of the control in DU145 cells. Conversely, transfection with miR-211 inhibitor significantly promoted the proliferation of the DU145 cells. (E) CCK-8 proliferation assay revealed that the overexpression of miR-211 significantly inhibited the growth rate of cells compared with that of the control in PC-3 cells. Conversely, miR-211 inhibitor significantly promoted the proliferation of the PC-3 cells. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 vs. control. miR-211, microRNA-211; PCa, prostate cancer; CCK-8, Cell Counting kit-8; NHPE, normal human prostate epithelium.](ol-15-04-4323-g01){#f2-ol-0-0-7877}

![miR-211 regulation of SPARC expression. (A) A computational algorithm revealed that the putative miR-211-binding sequence was in the 3′-UTR of SPARC. (B) RT-qPCR analysis of SPARC mRNA expression in PCa tissues and matched normal prostate tissues. (C) Western blot analysis of SPARC protein expression in PCa tissues and matched normal prostate tissues. (D) RT-qPCR analysis of SPARC expression in the DU145 cells transfected with miR-211 mimics or miR-211 inhibitor or negative control miRNA. The expression of SPARC was normalized to that of GAPDH. (E) RT-qPCR analysis of SPARC expression in the PC-3 cells transfected with miR-211 mimics or miR-211 inhibitor or negative control miRNA. GAPDH was also detected as a loading control. \*\*P\<0.01 and \*\*\*P\<0.001. miR-211, microRNA-211; SPARC, secreted protein acidic and rich in cysteine; 3′-UTR, 3′-untranslated region; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; PCa, prostate cancer.](ol-15-04-4323-g02){#f3-ol-0-0-7877}

![Effect of SPARC on cell proliferation. (A) RT-qPCR analysis of the mRNA level of SPARC in the PCa DU145 and PC-3 cell lines transfected with si-NC or si-SPARC. (B) CCK-8 proliferation assay revealed that knockdown of SPARC by si-SPARC significantly inhibited the proliferation of the DU145 cells compared to the negative control. (C) The CCK-8 proliferation assay revealed that knockdown of SPARC by si-SPARC significantly inhibited the proliferation of the PC-3 cells compared to the negative control. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 vs. si-NC. si-SPARC, small interfering RNA targeted at secreted protein acidic and rich in cysteine; NC, negative control; PCa, prostate cancer; CCK-8, cell counting kit-8; OD, optical density.](ol-15-04-4323-g03){#f4-ol-0-0-7877}

###### 

Distribution of miR-211 expression status in human prostate cancer according to clinicopathological characteristics.

                            miR-211 expression, n       
  ------------------- ----- ----------------------- --- -------
  Age, years                                            NS
    ≥60               26    21                      5   
    \<60              10      8                     2   
  Tumor stage                                           0.035
    pT2a-c            18    12                      6   
    pT3a-4            18    17                      1   
  Gleason score                                         0.013
    ≥8                28    25                      3   
    \<8                 8     4                     4   
  Nodal status                                          NS
    pN0               27    23                      4   
    pN1                 9     6                     3   
  PSA levels, ng/ml                                     NS
    ≥10               24    19                      5   
    \<10              12    10                      2   

NS, not significant; miR-211, microRNA-211; PSA, prostate specific antigen.
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